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SI.O (flLx>01Oy>0) £8ELfc£#K. 
0. 23^y/ (x+y) ^0. 9 0 * £ £ 
£f *B#Jti 1 »cE«<D¥«#gB. 

S i.O (fiLx>0l7y>0) ££EL&£€rfc, 

0. 23gy/ (x + y) ^0. 3 0T«5Ct4ff« 20 

l,ON «aL.x>0JL^y>0) iSEtfcitl:, 
x/ (x + y) £0. 1 0T*5C:i:£#«£-r*S# 

* C £*«M»£-rs»3fcSi 1 KE«<D#*#gB. 30 

x z*ts*6m*&m*m&T s xs £ . 

^U3>*#»R«*BtS8M*T*Xa£, 

Ctt#JB8] ttBllrS®«MI***Tft 
£-rsi»*)H 7 eB«0***|tBOBjfi:#tfc. 40 

[»jfc«9j WBiU««i^K*^-rsxs«kt)t>«r 
ftKfc&sti« j'y 3 >ss<iiEifiisi«spait>fc&»$ti- 

£xa£, ffrEXft«*KlCdStt«ttE-'0>6Jiett 
E«MWBt4»K*£tt£-a-s c £ ir j; & T*/ty 7&&mtfi 

[»jrsuo] «trE»8«*fflt$^-r*xstt. w so 



E-©^JB<t«rE^«^fl£*#tfV-^^U*— y- 
Sffl^fcC VDtet J; 0 ffirBSfKm^JK^^fig-r^xS 

c»*«ii] i»Ei*gt«>WK£^fi£-*-*xate, m 

E-©&B£#ifV-:*:/'J *-•♦>•£. WEm^cD^II 
S^Ttf V - X jtf* £ £ flj V>& C V D ftK <t 0 ffiBiSSffi 
#«*£igfifcTSXa££tf £ ££#«£?- •SfSfJfcJJi 7 fc 

c»#jsi2] WEi«R«*jes^-r4ie«. w 

EBfje©«K*#tp»BB$C«fTWE-<0^ja*^t;^- 
h«JRt>fePVDIftfcJ:Olie»l«*jK*jMt'r- 
*xe*^OC£«#«£f S»*JS7 irEtt^¥«#: 

^tJi«K«2p«*^l«-r*X@<»:. 
WEii5K«*Btfc^LTS»ffliS*ff^pC:<i:K:j;0> w 

BSfcffi!)** 5y'j3 > staESsim^ag^^js^s -a-x 

S"J =i >^*TiiSR«*JR*»fig-r*XS£. 

WEJ'U n >-&#»8«*l9«>±»zy- h«St£/«c.5iS 

««£JB/«-rsxgi: £flf iW5 c £ £*$«£T 

C»*« 1 4 3 WEiaSRSapia^^fiK-r *xa«fc 0 1> 



WEi«R«i*jffli{c»LT»ias*fTJtt5xe«. a&BJje 

*xii, atrEi«Bi«*«f:^*n-5WE— o&m&tsti 
BIUWt> £ £ k: J; B TSA U 71&&&J8. 

**xa£*^t?i:££fc«£-rSfil3RJHl 3 KB*® 

E— <0^« £ *3(5 £ tJ y - X yj * — tri/t c 

vDttt«kos(iEi«Ra^sa*^fi!t-r*xa*^tf::£ 

*^a£-r*B!f*JBl 3 fcE«0¥*<tSBcD«ifi>6r 

ft. 

[|»*jri63 iirBa«sspR*»i«-r*xatt» w 

X#X££JBV>&C VDffifc«k DMrE»Bt«VK«»iSfi 

•r*xs*^?je:£s#«£r«i»*3Si 3fcE«©¥ 
##«B©«i&35rife, 

C0f*«i7] Me»»««iiK«BriEr«xaa. * 

**^tT3?H^TWE— V&m&StSi'—'fv him 
PVDfttCkO f)EK»«^K*}gfilc-r 5XS4§ 
t?Cl£*4#»£-riiil*«l 3 tcE«C0¥^^Bc5S? 

8] ME— ©^JRttyN^-^AXtt^JUri 
= * AT** ££«#«£**»** 7 Xttl 3JIE«S 
O***«B<0«>t^j£. 

[B*«19] WE»8«3pJSlc:»LTS»jaSB*ff<c 
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•5XStfltf83W«|g*^fiK-r-5Xgi:0DMC, JUNES' U 

3 >-5#mmn&me>&m sstMk-r* z t tz j; o ±sba 

jR«i 7Xlil3 KfE«<&¥i*#BB<D»ii:5i*. 
[f*3fcJH2 0] WBi*R«i*a&^fi&-rs l|§ £6583 

it 1 3 CK«©^J»«:^BOfi(ja^Ss. 
[StsRSU 1] *TiEi*»«*s«tcttLT&4aS£fTft 10 

•5xst*j^€,j»jaa®stt6 o oiceujios 5 o<c 

iaTT&*Ct£#®£^*B#«7Xttl 3fciE«© 

BI<0»Jdc*M. S 1,0 «lL,x>0J.Oy>0) t&K, 
T^6. 69-y/ (x+y) +7 4 9. 4T$>ZZ\t 

&&m£?zmxm 7 x« 1 3 Kaa«<z>*ii*#gB©B 20 

y/ (x + y)'£0. 3 OTfeSdtS^a^r*!** 

«2 2 csa«<z>f mftmma&mjjm. 

«n3*«iK*®j«-r*xsiot,«K v waasififc^u 
7 1 3 Kfc«©¥is#gttt©gji#j£. 30 

[0 0 0 1] 
[0 0 0 2] 

It, A7r^At*t-f H (HfO, ) *SMJ,3-#A 
I* (ZrO, ) #<&SiB***mS;Bt,>£y- 
h«fiBBI (£TF. high-ky- Me«J!i<b**-f $) fc«fc 

0. i o, KffBtjp (stf. EOTtac-r*) e 

[0 0 0 3] W^.tf«rH2000-58832#^atfe%$nT 

»s. *r. ->un>s«±ts i o, a&o&ft&js so 



•7CVDS9l:J;!3 ( - >>AXBA7r5AJ: 0 

&*&«Bt£BB-f*. K^«!8^»L.T. 0t| 

->Sik^;U3~^A (ZrO.N.) Xttt+->Sft/\7 
(HfO.N,) £0te*high-ky-h|fi*ltlBI£J& 

[0 0 04] 

[58^*^*U«k'5£-r-5SHa] hfrLUtfe,, 

tots, ue*<Dbigh-ky- h«e«Kos»w^tt«^+» 

[0 0 0 5] UtriBfcffi*, Bvi&MBBMi 

##BB£3S8i-C*£<fc i fcT S d £ * a Wits. 
[0 0 0 6] 

stsB*. y-bmmaa, bbaoc^u 

[0 0 0 7 J **W©¥»fl?£Bfc«fc*£; y-h*fi» 

te&aas) fc<fcoTi*»tt*B*<JBfi<k-rs;:££B*it 

gh-ky- h IftBBtc U - ^ «SK*t^ U5ct4 WMT^ 

«£ot. high-ky-MifesuK©sRfi<j5ejettAifSj±-r 

[0 0 0 8] *56^©¥*«:gBfc«k^£. y- 

h «5»BKfett SflRBSsB-WTfiiJCTSBA- 'J 7K*«# 

T?€f*. TBVtUTMiC. KSm^i^C^JS 

-e*lK:«fcoTy-M(ig|iB±fr©H:»«^iaf<r 

[0009] *%9ie>#m#itimiz}5^T> y- h^s 

[0 0 10] CCDJ:5fc-r*i:, y-h«ffi«Wi. i« 



- 3 - 



( 4 

5 
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[0 0 11] *5SWro**^gtc*^T. -O&JH, 

*^BIcDffijife*M. S I , O (fiLx>0EOy>0) <!: 
«i3bfc££fc. 0. 2 3^y/ (x + y) £0. 90 
T*SC&#t&*l,fri. ic 
CO 0 1 2] eKD.i:-5fct--5t. bigh-ky- htefIR® 

&ats> 9 o ox:m&<Dm&m\zM 

l<T*>hlgh-ky- MMS»l«<0J»W*3fett*«[||»c«CJ: 

[0 0 13J *&m<D*mi*&mz&\,>T> 

S$R0>&dc£M, S I , O (flLx>01Oy>0) t 
SffiLfctSlC, 0. 23gy/ (x + y) go. 30 

-cabs £ taws 

CO 0 1 4] d©<k-5fc-rst, high-ky- httSIK© 20 

ft*itt#ift£-t-##-6£ca<£, 9 o ot:aar<8j?ft&sf:: 

» UTt>high-ky- h<fi««OR«3fc£tt*R&K:fi^> 
CO 0 1 5] *«IU<D*»#£Blc*J<,>T, -CD^JRtt 

i'U3>R^as(5**n-€ r nM, O, SiRtfNtbT 
TSSAUTKcOfflfifc^M. S I, ON (filx>01Oy 
>0) iMLftitC, x/ (x + y) ^0. 1 0T 

CO 0 1 6] C©J:3lcT*fc» T»/t'J7R<DJtR* 30 
* *5t*fc ffi < T -5 £ <fc *<T# -6. 
CO 0 1 7] *f8WW^#«cgsBK*JUT, y-h«ffi 

CO 0 1 83 *RR£ff«R 1 <D¥Rft&B<Z>R&2T& 

a. ss±k, *R&tfR«4>4Mc**oi« 

■fricttRSttTS' 'J a >*#KR«*j«*»jjrr.5Xg 
S'U 3>**RRR*R©±fcy- hRR&&«« 

COO 1 9 J *l©^*#«|t<0«ifi^tercJ:*t, R 

RR*9TO+fc8;R£ti-T-> 'J 3 >£*TifiSRRsiSR£j& 
fifcTSS. COfcfc, RR3tRR*fc3'Ua>*fMUG| 

fc^*-e-*c:t*t-rssi*^. RRttKRTLfttRAi, 
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->ua>^»R**jR*wr-sy-h 

RBJR. :3*0high-ky-h*g«Klcy-*tt«W£i; 
*^i:*Wftlr#*. ftoT, high-ky-h*fe&B8<3& 

»ST**£*lc*RfH*B«>R»fc;6i*ft:/n-fc;*v 

CO 0 2 0] R 1 0¥l»*«BOJSii^lc*JHT, R 

ttrtRTife * j: «t»* b v>. 
CO 0 2 1] C®J;9Cr«£:, RR«#R+fc'>U3 

Co 02 2] fti0¥*tt«fcBa«ift&&ic*tvr. its 
R«#«*«Mc-r*xfij; o twic. ««±t, ->U3 

m\zfs *n* -> u 3 >«RR«*R*fi <* * * xs 

CO 0 2 3] z.<n&5\z~?zt. SSR«JM*«lJfc>>ij3 

"J 3 >#WfcRRafSR t««i*«R«-r* C tSfifr 
ibT#S. Tff/fJ7M&. ^ 'J 3 >&WRRR 

7«<ojfcRRR£R<T£. -tnicfcory-MfttaK 

C0 0 2 4] *1 0**#*«W«it*teC*^T, 5S 

Rir v-x:/y *— ^ft c v Dmz «fc o «rs^ 
[0025] jKz>«fc5fc-rst, m&<D®m£$tsKstii 
[0026] mi<D#m&&m<o9ii&i}m\z&^x, » 

RS^IS*^fiK-r*Xgtt. -O^S*^tyy-XT , 'J 
D«5»=J:?)!BfR*3pl8*^-r*xe**Oct*t»* 
[0 0 2 7] d<D«k'5f;T-5<i:. RftCDttlt&dtrXR 
[0 0 2 8] m 1 «>*«M»:aER<0«iB*ttlc*V»T, R 

RR»»*»*r*xa**tfct«»»*Hf>. 

[0 0 2 9] C©<k^»C-T*t, 0f«W*»*^tf»R 
[0 0 3 0] *58Wfc»*M2«)i{ s i)K*^|S(OSgig^ 
«*»«-r*XSi, SSR«*Klz*fLTS»aa*fTA 
«$-ti-TxU3>^#SSR««pJig$^-r-5XS<!:. ^ 
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[0 0 3 D m2<n*m&&m<Dmmjjmz£zt. * 

rS)±-r-&fc». im£©«*fc¥i*#gB*geStT#* 
[0 0 3 2) JfS2©*i*#gBcD»fc#i*fc*i^T, ft 20 

mnmm&Mi$,tzxm±o : bm\z. a«±K, ->'jn 

[0 0 3 3] CCfcSfcTSt. lKVIX*t&*tZi»)Zt 

[0 0 3 4] »2©¥*#8K©«jt#ftfc*^T. ft 
ffl^fc c V D8Hc«fc 0 ffifg«$JK£}g 
[0 0 3 5] CCi^CtSi, 

zmmzmifc? *it*tT#*. 40 

[ 0 0 3 6 ] |& 2 <9¥tt#flt*C!) 3S£#«;fC*SV>T. A 

J; o mmnmrnz mmt^xm^tiz. t aws t, v>. 

[0 0 3 7] dWiofcf *3l£#fri8f««J$$j» 
[0 0 3 8] »2 0¥#»«BW«jfi^Sfte*^ T , i* 



[oo3 9j coj^K-rst. *^*^trji5Sia*iig 

*«8H»r JBMST* dims. 
[0 0 4 0] »lXtt^2©^»«:^B©iSii^»CtJ 

[0041] z\(D£3iz-?zt, >>vzi>$#m&%m 
[ o o 4 2 ] m i xttss 2 o^«*saosaii^feic*j 

[0 0.4 3] ^©.fciic-rsi. y-hnmttntftm 

MVBttt'fttifiE.Wzl&mir&z.tZ&jkTZZ. * 

[0044] mi xtefg 2 o*mftmw<Dmmum\z& 
M«ia*fTft'5xsi©w{c, i«fii«^jiaa>«ffi*^<t 

[0045] y-hms^iiess 

[ 0 0 4 6 ] ^ 1 XfcjJB 2 ©*««:«B©aj3g^te»C*5 
^T. i«»S*K{C^UTS»Ma*fTftiXgfc*5tt* 

awasi&jstte o ot:£t±a.-r>8 5 ot:e*TT*-5c:i 

[0 0 4 7] roi^mi, iSttfl^Mji^HFf^© 
[0 04 8] 81 2 ®¥*#ttB®BjB:# j*tc*3 

zfs i tvx'y^^^^mmmmot&m^M, s i , 

O (fll /X >01'3y>0) t&fcirztXizMmfn 
-feXT©B»®**T [TC] i«S3Lfe<t^lC. 
6. 6 9 ■ y/ (x + y) +7 4 9. 4 T?»2> d <k*i» 

[0 0 4 9] d©J;5fc"r-5i:, ^ U n >^W»SI«^ 

[0050] corns, y-N«Btt^u3>*^tj , « 

WJ:0at). y/ (x + y) ^0. 3 0T*-5Ct*W 
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[0051] coiitni. v-u 3 >$mm&mm 

[ 0 0 5 2 ) Sg 1 Xtt$g 2 ®¥«*SfiO«*#ttiC* 
[0 0 5 3] d«)«t-5JC-r«i:» 'J 3 

«g**r*bigh-ky- mum* oak* * d-««« 

[0 0 5 4] 

1 aftffi»tt£ff ftfr^jcttM I S 

[0 0 5 5] Elltt, £ l ©3fea6JgjgK{&*ai£iSft:gB 
[0 0 5 6] Hllc^-r«k-5fC. i/U3>Sfil0±l: 

y- h«fe«*Bi i i zfrvxy- hnm 1 2 *<Mim 
->U3>a«i otc*w*y-h«ffii 2 

3*w&i2ftT^z. y-hmmi i«, 

«W4&««ffc&£9fcSiS5a£lii?$jgl 1 at, &&&& 

Btl 1 a©TfiSC^s)c$nfcTS?AU7J»l lbi. « 

»t*Sl 1 &<0±M\zl8i&2tl1t±mJVJ7mi 1 c 
t^WLTU*. 

[0 0 5 7] HfcWfctt. ffittttWKi 1 att. fft>jt 
Wm^^JffOA^^Asf+tK H (HfO, ) fc>"J 

**-fJ* (Hf, Si,0, (fiLx>y>0) ) fti&Jft 

*anxv»*. j'Uavan otm&m&Bii 30 

A7-C7AS^^v'j3>*{tKftBtJ:0^i. 
ftMtt«R 1 1 a tY- h«ffi 1 2 tOEteSSfrihT* 
±ffl5AU7Btl 1 ctt, *A.ttg***tr$'U=i>** 
A7_^AtW K«J:Dfc*. Tfcfois, TWVJ 
TBI 1 bXtf±3&A->J7ttl 1 cttiSifi|«^A-<JTBI 
T»£. y-h«fi|i2tt, ^JA«U >*tH— 

nit* u > ij n >ajt«k >3 &*. 
[0058] m> tsmmmm 1 aa«g*£^-cuT 

*><fci^. y-h*ft«Ki l©%SWJ8l^4nm 40 
8«<D«£, ftft«*jRi i a<B<t&36<jffi|JStt2 nmg 
l*T*0, T«/tUT«l 1 b04H»»JKJPttl nmp 
T* D > ±«A»«J 7111c 0«&aWKfftt 1 n m&T 
ftSTC^jRi 1 a. TWAMJT-flti l b& 

[0 0 5 9] *^j6S^jgf=*j^T, »Sttt*flgl l at 

xc^Hfo, wc^u a fimmm 

mi 1 a«)iMtlftfttl«soJS:»T*«. fit**** 

tt. ^UavtstflMHtfMKi latt, *ffl<os&ffl8j 50 
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Mrafco£«£»cfcla'ftYkU;:<^roT- (tt»ttffi#tt 
T) . »a»»Xtt*RB*ffifcjBHLfcU-*«BiSta 

[0 0 6 0] B2tt. HfO, lC«Arr«^U3> (S 
i) fit, HfO, 0ttJMAKfttfM9«&(£«K& 

T, l&M:fi£«j|ftX.Tfea«ICttfl: (HfO, ) $«: 
[0 0 6 1] B2fc*l*T. *M». BffitfBOHfO 

. k*mi*s ijs^©* out. s immt-tz) t 

#ft«=aOHfO, fc*tn*Hf(tfOR (KTF. H 

fa^tr*) tofpfc^-r-ss i»ae<ottx, (xg 
ztrlx^z. mm&m (x, = (s i 

mm/ (s its+Hfis) ) xi 0 0 = 0%) as 

l.W<t**l*WHfOi *£U flS«i*JS> (X, = 
(S (S IIK + Hfi$) ) XI 0 0=1 0 

0%) ttHf*tfi<£**ifcus 10, **-r. 

[0 0 6 2] B 2 3 K. ttX, OBftlCB? 

T, O*0*lfflS l«©tg*0fc^oT, HfO, OD^a 
teS«Xtmtt££tt#ffiffi«tt_L#-f.5. -Tfctoti, 
HfO, te5"U3>*tO*.«£tlcJ:9T. HfO, © 
3ftW£;ttta«8LTVKC dtitt, SIS 
*lf^-rc:tlC<fc0. SltlTHfO, 5*&Hfi"J 

Ofe*. ifif«iTt?t>H f O, Bt^^ttHfb L t < < u 

[0063] ^ws^jettftiEiasttt, h f o 
, ±o^*<e»J8t*^r-r*Mos*-v'A->^4Sjgc^b 

TRTP (rapid thermal process ) £Bfc<k0 1 a t 
m«>N, iJ7,^X3 Q®tSlG>7—-)V9Sm$:fttf5i$'£: 

t>T«5j&flETtt. SlttHfO, aS*ffiV^MOS + 
irrti'f'mmKiSVZ, 'J-^«BRtX*«tt«fflW«:ffi 

-to-*, »ws3ttt«aES«j;ot)±©iaffi 

Ttt. SltfHfO, «»C*tt*Ja»fW<C^RS«)«iifl 
fCEH l/TMO S +-v/^^^C0 ij -^««E*ti&«»c 3 «f 
eSfcitiD-rs. COt*, C-V (Capacitance-Voll 
age ) iW^KtJ^TAccumulalion (*«) ttfilTcOgtg 
^SLTLS^ilS*, MOS^rAv^CD^aaiStt 

OSSTftt, Si^THfO, JRffl^fcMOS + v^^ 
^«jgtt, *^/t2/^tl/TO!aa*«fcS/«£<7S:S. 
[0 0 6 4] JtX, *7 OXfit-ht-T-St. SI 

#*TH f O, «(0S«±«:*ia5STT?t>7^;P7 rXtt 
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aifc«T£©T?. 1 2 0 0'C<7>iSffi7D-fe;*)&tan:fo o fc 

< t*> 2 3 *eu:&ntf, s i £*th f o, m&m&it 

IsXiZTVlyTXVll&WX&fQX&ZfZtb* 90 0t 

sew ift v>a*o j^etttMMWfttttt* \z^nx 

[0 0 6 5) H2K^r«k5K:, S (S 

i iffi+Hf mm) x i o o*x, [xiiigjB-rsi* 
KSft«£5£tt#ii as ( ic «jh >j ~> u 3 

f O, Btfcfctf* S I *&©«eH«!:£jp-ri!U8T 
= 6. 69- X, +749. 4'«tje«T«*. 

yp-kXSfSrft^S l»«ttT=6. 69 • X, 
+ 7 4 9. 4 «k 0 fcTflJCDfcfflT** z. ttfi&mvb 

A#WtC«, X, ©ioSOSl^SHfO, «3Dffl 20 

rt*»tfc*-3T^*»*. ^D-bxiaa[«, x, omizm 
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mi 2 1 omm&^m isxr-btmmi 1 30 

[0 0 6 6] E3 3 te, 02tc^TM« ■£* 

««ttt*§j$TS5Hf UVir-bemm (X, ) CO 
W««B**LTH«. H3fc*f.k3fc> y 

» KSHT ij - jr **t*Jn©«£SKFll:l,Till 

WS&ttfcfcofci&tctt, X, tt2 3XfiU-C&l*fttf 40 

&S&tr>. 

[0 0 6 7] H4HU HfO, S i *&, 

HfO, S*OJtSI«*t<OK^€:^LT^S. 04lC*J 

(S lfcft/ (SlIS+HfjU) ) X 1 0 0^L 
TV>*. $£. T©*tttttHf«©B££fc&X, - 

(Hf »«/ <s i mm+Htmrn) > x 1 0 o£*l 

TH*. «WlttHfO, BI<OltSM|**^UTV» 

[0 0 6 8] B4C*rJ:3fc. HfO, &©ifc8f«$S 50 



«, x, atosots (^*osi*t<ttanHf 

O, JR©£3> *t«S5Tlft2 4T&*. HfO, 

x, #3 oka»6 9 oxz-coMteitmnmmi is 
*ott«-ji[©tt*it»-r«. Hfo, m*<*> 

X, *ll 0 0%©«i:# (O£0H 

f*£<-£*fc^s io, Koi*) v itmumtm 

3. 9t&5, ftoT, X, £9 0X£lTC?*c:&lC 
«fc0. mViJftA^t. X, SI 0%&,±\Z?Z>ZHZ£ 
0, «*fWKi«<fl^3£LfcltSI€^**-r4H f ^ 

[0 0 6 9) ^CiftWLTtft, H2MH4 

KR«4KRi 1 a (KR«^ISIl 1 ag# 
KftATi«R«i*s]K 1 1 atTSSA-UTJ^i l bfttf/ 

xtt±*/tu7Ki i c tijm^t>st\itmmmmx 

&»Ktt. ->y a >^WH f O, J: Dft«»Rtt*|| 1 
1 at*t«X, = (Sii«/ (Sl«« + Hf» 
«) ) X 1 0 0 tt 2 3 96Ql± 9 0 J&gtTtCIftJtSns £ 

(0 0 7 0] ^ x, = (s i «*/ (s i mm+H f 

ME) ) x 1 0 Ott, ffR«*Ml 1 a©*afi£*H f. 
SI.O (fiUx>0IOy>0) i3?fcLfc££CD 
(y/ (x + y) ) X 1 0 0 X 

• = (h fmm/ (s i»g+H f««) ) x i o o 

tt, (x/ (x + y) ) X 1 o o<hpg«-ea&*. 
X.&tfx, tts I»KiHf»«t©H^*^-r'b0!> 
T**OT, *f*i^t«H f ^ijy— gftJHfj' 
'J^-hiLTNmW*»t, C 1 , F 

KO«H^Oftj©7n3!{*^^«r^«^tfe. X, St.UX 

[0071] B5ii Hfo, mzrnmtzs n^. 
Hfo, m<Dmm&&4t (mm^mzmi>^(Dmm) 

»oss?t«:*. i»a$©x, = (s imm/ (s laae 

+ Hfi«) ) XlOO^LWi. TO«tt 
BHfiOiftt&SX, = (Hf«£/ (S + 
H f mm) ) X 1 0 0 S^LTt»*. «£fft«H f 

o, m<Dm&«km4>*mLT^?>. &ft> n«Hfo, 

[0 0 7 2] SffWlCfi, ffi/j£©J|&£ H f "J ir- h 
K*Wt-*MOS^^A^^we*^:1t>y^*ffl.«b 
T, TDD B (Time Dependent Dielectric Breakdown 
measurement ) 6ttt£fr£:3 cilciO. >FA* 1 00 
PPm. «6»KBW (MOSIA) 0. 1 cm' . M.m 
1 o o-c. EpUn«EV t =—i v. EOT (S 1 O, til 
nmm) = l. 5nrat^5MT?, Hf^U^-h 

a. u:t, #i*->yjnc*»t*H f ^uy~ 
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[0 0 7 3] =fcO»«Blrtt. TDDBKt&fcfflV^n* 
*-y->^JK7)*ftlW«iiiflltt3 XlO-'cm' 5 X 1 

MWUDfli i omm&&4t=mmmm z io 

«aU/3«7-f^;Hlfi$) SfcfflLfc. TDD B 

u,&Kr<z>mm\izm&fr6 1 o oc$To«iT»r), m. 

Ai o ot:T?©»«tt^^*ji,««^. fctt> s^^k 

1 0 0 p pm?(0|fiii$tt> 
TDDBR|&l;:«fct)#S*lfc'7-f !/ 

fttttt<Z>ififtllttt*Kftl,&. S^lc, TDDB8*«T? 

ttl£*ffflTi viOfe^ctr^Vc «fflv>«-^r. v. - 20 

- 1 V-COfi«tt^rS»**«>S«^fctt, (Vc (TD 
DBKM) -Vf b) /Tph (flUfbH75»/ 

S#6ft£. *S©*»Eox (real) AM 

[0074] tttto*a^artt«!Bv»Tft&n)&B5ic9 
rtzmzzzt. x, (±<d«m) S3o«etTfc-rs 

Cifc^O, .lHj|A*t, X, £7 0%&L±tZ-tZ>Z 
tfc«k*K Hf ^'jy~hK©m«tt^*«i o*«_b 
ift*. ■ S£**vrtt. *%<r>MftEox (re 30 
al) I^LT, . £Ott«jEff^0MMtt*<lr«>tt£e 
frfcofcteSfc^Lfctf, JUafcftjtTv TDDBHIft 
f*«Vc e*t»LT. X« (V, (TODBKK^) 
-Vf b) /EOTW6#6n*. *ttttfc*JFE 
ox (effective ) (CfcrUT, J; DteajEfciKcoteMtt 

[0 0 7 5] H2~04IZ^-r^(Cj;* 
f $"J4r-HRfc*tt*x, = (S I «#/ (S 40 

+h f »ao ) xioott2 3sg£A±9 0 JKerFKiajg 

StiS^ijJW^L/d^fc. 0 5 t*-re*»c J; 
X, £3 OX£CFK:T*C<t:fc«kO, «Mtt## 

£l^«6ffltt2 3XKi3 0*£CFfcft*. {1U ijy 



u 



r-t|«^fifc&fc7 5 O-CfitiWJWffla^V^a-fex© 

i^*EBtt3 o%skt\zhz. 

[0 0 7 6] 06tt. HfO, ggKM-r-BS i fit, 
HfO, JK©»Wft^ttRtX««ttt©M«*^LTU 

[0 0 7 7] H6 K^fJcSK:. S 1 £#tfH f O, IS 

S?3iL^«HttT=6. 6 9 - X, +749. 4«fcD<fe 
Tfl'JWfcBBT**. CWtt, 9 0 O-CO^a-fe^Sjai 

aanr*j^xifc»«$o^€s>btg«-r«./tse>^«. x 

, tt 2 3 *>£U; 9 0 %EAT»Cg8£<*nfctt*ltffc 6ft 

ffl«tt<o**«s«-rn«^<, x, «3 oftjerFcts 

«effl-r*t^irpo 1 y-s i xts s 1 Ge^y-h 
mmmmt7--)wy- bteim&i£mzmjit>tiz 

*-5fc«e>, T= 6 . 69 -X, + 749. 4 «fc 0 *>T<M 
TJ&OJ.OX, tt3 0*aTTfcS«effl*tif?£L^„ C 

wit, ^Pi:x«ififiaae*t9 0 o-CT&stf -at, 

X, tt2 3 *&±3 0*&Tfc&£3nft«mrfce>& 
V>. ft, 9 0 01C«. V-X$g«. FH>ll«SXttf 

s * ti * ^nmomteit 7 ~- mzh vt * mm 

[0078] u±.\ztm\sit&o\z, miwujs^agfc 
jest. y-hieitiBi 1 &mm?zigim&mm 1 1 a 

^^U3>S:^trH f O, JBST*-5fc«K Sifiyn-lrx 
4'<Oi«jafflaK:J:oTit5»«*ligl 1 a jWSi&ftT -5 C 
t*teJtT€?«. Z<D1±#>, $Ef&&<D*m&&m\Zi31,* 
T, SSKSSPISII 1 aO^»^t7^;>7 r x«S81r« 

- vmsm 1 1 <Dmm&iz&&[ii)±?zitisb. mm&v> 

it IC* W- * ^ D -fe ^ -V- > * ;*: # < -T * £ £ *tT* 
•5. 

[0 0 7 9] »lco^Jfi»figfcJ:5£. y-hiffi 

»Btl 1 IC*3tt*fcR«i$!j8ll 1 a<»TM\Z> ^Un 

fe*. ft&n&mi 1 a£^un>s«i oi^s^-r 

*il£*WifcTf#*. T»tU7«l 1 btt. 

1 a^©»3)tlC«fcoT^UP>««l 0** 

«1 0©*(SI3. S i O, J8£KSffiOH:K««p*#-r 
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zBUtm&ftmmtLT&Giztizt. y- h&mm 1 
1 ±<* t VTvttmn&wmmizTtfo x l * 5 tt#>. 

(0 0 8 0} ^KOSIiSfi^ffitj;*,!:, T«/XU 

tbii 1 bit. ffigg«$igi 1 &£.mc&m* mftttyz 

*. -5-*lC«koTy-Mft««i 1 

TS5A-U7SI1 1 bfC*^T^»j3>fc»tTA7r:^ 
A*l0X«±«A1-4 ("3* OX, Jlifc 
±0. TflJ/tU7Rl 1 b©itSI«!p*3asWlC^$< 

tsba >j rig 1 1 b »c45 -> ij 3 >^^rfi*t^^ < & 

0^**^ (JittttfcttX, £9 0*Tfc*&) , Jfc& 

<^t«» y-mm&i i£#©EOT*te«T*c: 

[0 0 8 1] »lC0HJfi}gl|gfc«fcSi. y-h*e 

asi 1 c *^a-r-5fc». 1 2*<Dttm (* 

*J6^fii-ctt^y>'y3» t, immnmmi uf© 

^<0«T*»IWT^«. CldT. ±S8AU7Stl 1 c*t 
^^triifcit), ±SKAy7|gl 1 cco/tiJ724 

**tiRj±-r* 0 J:ffiny7aai 1 c *t. mmm® 

mi 1 atmC/\7-VA&$tfZ\±\z£0. ±spnij 

[0 0 8 2] N. mi©^JSJgag^v»T. »»«*JBt 
1 1 a (ffijBtt*JRl 1 ag(*:fc^ATi«S|«^K l l 
a tTB/V) yfSH i i b Jktf/xttJ:«/tU rR 1 1 c 

(s imk/ <s i«aE+Hf»«) ) x 1 o o«2 3 

%EK±9 0X«Tfc»«3n*Ci*W*U^. C0D«k 
5^t5t, Sfii^m^ffil 1 aCDH:SfS**iS5<7r#* 
£&\Z. 9 0 0t;S««5S»«!iat^UTt>i«»«^Igi 
1 aO^ft^^JllKWLT^ISiS^iteHlx/ty-^ttWEii < 

*£+##£fc#s. y- h*g#i& 1 1 ©»ws;3t<4& 

KfctfSX, 142 3*£U:3 OJS^TfClffJt^n^Cli 

*<£5fc$?*n,>. c©«k-5fc-r*t, fra!<D2!)*»3Sa 
*r. 1 1 a c$ 0 y- bmmm 1 1 

tt***+»«-3Ci*»Tr««. uyu-x*> 
ny- h^©fi&fflic«t 0 zra-txmni&mm^uof&K 
fcs«£> x, *3oss«TfcS9:«-r-5&-ttT. y- h 
font 1 1 ^^m^zfrnm^^+^^um 51 



9 J 2003-801 1 

16 

[0 0 8 3] IBl^SIJS^JglCfc^T. y-Mfe 

Mil l**dE-r*KR*^WiUTH f O, 

HtXlCttAT, ZrO, . TiO, . Ta.O,, 
La.O,, CeO, . A | t O». XttBST (A'J 02* 

Hf. A 1,0. (ILx>01Oy>0) 
^0 37c*Bt<b«5*fflViTfc<fc^. «±t^ 

10 it&su&mmtmzs im^t^^ti^m^u^- 

[0 0 8 4] £&. MlO||JfiJgSit*3^T, TSBA'J 
1 1 bjfoj;jBAy 7Bllc y- S 

nm 1 2 ©tf^©a^c«tt>Tfi. twvj rm 1 1 
baue/xtt±ajAU7i«i 1 c*mnj.<T*>&\,K 
[0 0 8 5] m 1 <Dmm&m\z&i,\T. y-h« 

ffi 1 2 tbTJpy ^'Jn^tffiSffi^^, cnfcft*. 
T. T i NJKiA UKtWgtSJg (TS*«T 1 Nl) . 
Taffll, T 1 NKXttT a NK*<D*««<t 0**, H 
20 ^^^X^y-hftaSffl^Tfej;^. 

Sffi^Wi LTT I N8XI4T a N83S©&JBJg£flH> 

[0 0 8 6] 2 ©^Jfi^SI) *5&W(Dm 2 © 

[0 0 8 7] 07 (a) ~ (c) &CKE8 (a) ~ 

(o it, m2e>nmBmz&*¥mftmm<Dmmjjm 

30 [0 0 8 8] H7 (a) iZ^T^olZ, pM^'J 

3> (1 0 0) *«2 0±fc, %TttM&$m 

>S*2 0OSEfC»LT«liilRCAtfc^RaC#JKHF 
JJfe^SffJS:^. -e-OSJ. 7 0 0"CS^C9?aftTTNH, 
tfXSffltvCff;* 0. 7 nmIK©i''J ^>SfkKYbJK 
(Sl,N 4 |g) 2 1 A*^>J3>S«2 0±lc}gfiET 
5. S 1.N.K2 1 A^t«^^+^fc© 

M. S 1,N«BI2 1 AttS&ttfcTaBA'J 
7K2 1 (07 (c) #B8) <h/j:4. 
0 [0 0 8 9] 5#cfc, H7 (b) K^-rj;3»c. 

A**tfy— ^r«J*— *£ffl<r>&CVD (chemical v 
apor deposition) 8tfc<fc9. HIS 5 0 nra§S©A7 
-SA^tH- H (HfO, ) US 2 2 A£->U3>3£ttl 
2 0±K^figr*. *{*:WlCtt. «#HfV-XT*5 
Hf-t-butoxlde (C,,H,,HfO, ) fp 
C Ut^T^ag^ (N, ) ^X^iifCtt 
±^>T. Hf-t-butox Ide *A^U >if$-a- 
THf - t-bu t ox I d e S-^k St*-*. f-LT. 
^YbUitH f-t-butoxlde S^trN, ^x 
> HUftjWr (o, ) #X<h=H:K. i^U3 
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l>tz&e>. 5 0 0CgaoiST-CRTCVD (rapid 
thermal CVD) t&m$:ff ftoTH f O, &2 2A&J& 

[0 0 9 0] iOtt, S i,N,K2 1AH. mtMO 
O, ^XJCJcOKib^tlTS 1 ON&2 1 Bi&5. S 

1 ONK2 1 Btt, ->U3>M2 0tHfO, 012 2 

«20±CS I.N.K2 1 A4MLtft % Hf O.K 10 

2 2 Aa>JBj$8SKS 1, N.1I2 1 ASrfttfbLTS i ON 
JK2 1 B&Mf&VT^Ztf* S i,N 4 B!2 1 AS-^fiKf 
*^t'i<> HfO, «2 2 AOJgfig»)C^rjn>Sfe 

i ON3S2 1 BStt&Jfa£LTt>J;<A. 
[0 0 9 1] 07 (b) fcjjc1*XSe*fr>T. H 

fO, J8t2 2A«fKtt > Hf 7-X + fc:£*ns** 
(H) #eS5fcJ&9C*na. HfV~X4>fc^ 

TCOXttCO, tfeoTft>n-W&j|ftjn 20 
$&, ^-v>A-rtfctt. H f V-X*«t^-r-55E 

*"?»*Hf, O, C. HfciDATN, #Xt>#arr* 
5 0 0'CSS<oiasTT«N I *fxtt#*K:=F»tt 

[0 0 9 2] S IMSS (2#-f*>KS##rte> fc«fc 
BHfO, K2 2AZttVrV1t£ZZ> HfO, K22 
ASr«fig-r4±57i7cs!lttH f RtfOTfcofc. 
HfO, I2 2ACB3X1 0"~4X l 0" [atoms/c 
m'] gft<DC<h, 5X 1 0"~4X 1 0" [atoms/cm'] 

[0 0 9 3] HfO, m2 2AK$tl,Ttm® 

(£t"F, PDA (post deposition anneal) ) *ff& 
P. PDAS. 3*l»B&<fK:*$HT7 0 0*0 

0S>ffitTi&'5. PDA^fr^t^^itC 
<fcoT, SiON«2 1BiHfO, K2 2AtO«i 
«i!K:4-t;*&fl;£0 9 (a) ~ (d) *#JiUftj3tfc 
»L<3ttWTS. PD A<&*i6fl&fc:*H* 

Ttt. B9 (a) \ZOi-t&5\Z, S t ONJK2 1 BXtf 
HfO, 182 2 Att-t^-en*3g*^T^*. 
T, PDA*^ig-rst, 09 ( b ) l^r«t5fC. S 40 
I ONK2 1 B 2&tfH f O, JK2 2 AO-5-tl^ftj^S* 

m#*mxztisT®%mz&.m-rz>tzm, 09 ( C ) 

IC7R-r«t5fc. S i ON&2 1 BXtfH f O, &2 2A 
<n*n*tl<Df*miZ&1l W*<D&*L) *«MfcTS-3. 

09 (d) »r^-r«k^»c, cn^coSJL^t 
TJ>'J3>S«2 OXttS i ONK2 1 BC^n«-> 
U3>*t H fo, K2 2 Atpfc«:»-r2.i«ie:. Hfo 
, BS2 2 AK:^$*l£H f MS I ONISI2 1 BfKffil* 

-f*. B7 (c) c^f **>\z> att&jgtt 

©S5^^U3>^WHf O, 812 2H>W&t<tlZt#: 50 



• ) 200 3- 801 1 

18 

tfctt«*OS!^H f tWS i ONBM«fcO&£T8iSA- 
U7JJt2 ljWBjfcSftS. CCt. v"j3>#WHfO 
, SS2 2I*. HfO, B2 2 A*«>'g3>©tt«tJ;0 

A* 'J 7tA 2 1 ©JWfrWfcfflESttiB 1 ©^JSJgfigcDTSBA 
U7BU 1 biEtrcfc*. 

[0 0 9 4] f&fc-fe. PDAIC#5H f O, $2 2 A 
RtfS i ONB2 1 B»^<0*^liJi«lfr«koT®AK$n 

ciott, PDA<oig«7 o o*cestas;^-rs 

^■5$*, Xtf, H f X«S i <D&Wi*&%lZ'rZi:^ 

t?ioz:ao3a**t>7t^-r. *-©«a-#, 10 

©PDAfcfT&SftTttT. HfO, &2 2 AKS i £81 

o^T&«££tt©i«^'>uri>^rH f o, $22 

*JB/fcT£*£#KS I ONK2 1 BfcHf 
TttK«^©i««,iTIB/tU7K2 1 (HfttSiON 
«) 4}gfiJET€*. S£oT. 5"j3>WHfO, 88 2 
2&tfTtt/tU7JK2 1 £^try- r-«s»gi2 5 (B8 
(c) #B> £#£LT©Btt*£ttfciiM*T;**£# 

[0 0 9 5] j^Un>^H f O, 132 2<E>£fj 

*6<Sfb-r*Ctt«t^T. 08 (a) K*"TJ;3 
i'» tt#«J#(DiB5UJP£ 2 0 nm8£©±BA*U7«2 
3€r^fi)c-r*i -rfcfcS, ±«A'J7Bt2 3tt. 2SI«r 
^tr->U3>^WH f O, JBJ:D&*. M. ±«/t«JT 
M2 3 OAtttt&ttJ&ttft 1 ©HJ6»a&©-fc8pVf 'J 70S 
1 1 ci^STJS. 

[0 0 9 6] 08 (b) IZnit&Siz, ±SRAU 

TBt2 3©±C, y-h««itt*Jl?'J->U3>Bt2 4 
£#J;U*CVDfe*ffl<r>TJBfiJc-r-5. -?-<0«. y-hfll 

T, d?'Jx'j3>«2 4. ±SByt'J7M2 3» H3> 
ttHfO, «2 2Rtn ? aJ/'CU7lig2 llc^LTW^ 
r J 7-fXy^>^ , *ff/«c5. Z\tl\Z&*), 08 (c) Iz 
^"TJ:5fc. TS/XU7K2 1. x>Jn>^#HfO, 
IS 2 2Rtf±gBA'J5 r Bl2 3©*a«ifi*#-r^y>-h 
telW82 5*^LT, ^'Jn>3«2 0±lcy-hfBffi 

T. y-X(H«Xtt H V< >««ia:*^««SK*» 2 
«ttffc$tr*fc«>, 9 5 0 < CaaSWjlftTT3 0fJ>!HHI 

[0 0 9 7] «±lc:lttWLfcJ;afC. JR2 0%lB«ttK: 
2 2A*^figL-fc«. HfO, 01 2 2 AK*f L-TSMQS 
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(PDA) £ff&?T*$«r|Jl«§£-B-, **U:J;0®J* 
Ztltt&7L&ftl,Ti'Vu>&H f O, K2 2A^fciS 
i3tT<>U3>^HfO, K2 2*^"T*. C<D 
HfO, K2 2A*»r^ij3>*^*6<Jfc-&*-e- 
«»W»c:ffl?L*<iH*LT£'U:3 
>^HfO, M2 2 <0»»<k*«iity. CCT. & 1 <D 
^Iffi^agT?^^ J: 3 fc, ^'jD^WHfO, 1822 

•> 'J 3 >#=£H f O, 182 2 <D*ffl5#atg|!5£j£ig 

Un^tHfO, 182 2*#-T*y-M(ifeft|82 5, 

■o * o h i gh-ky- h «e»jBt ic u - i/ s»wt£ c * ^ <t * 

ftoT, high-ky- h«6»«coJ»««3ttt 
T^it 

[0 0 9 8] m2<Dmmmm\z^ts Hfo, 

*4ttS 1,N,J«2 lA*JgfiB-rs. S 1,N,«2 
lAtl, HfO, &2 2 A&M&-t&tZ\zm<ktStlT 20 
S 1 ONI82 1 B£ft3. HfO, J82 2AIC 

*tVTFDA&ftti5t$\z. S|ONK2 1BI;a* 
nsS/ij3>4HfO, K2 2 A^fct£»S-&S. * 
S IONSS2 1 B^eTKJdSBWBS-a-, *nfc<fc9 

mmistirc&n*itvxH f o, jS2 2Aic*$nsH 

f£S iONK2 1 B^lcigJRSttSJltfCiOTaSA 
U7J82 l£JiMg-f*. CKDfcfc, HfO, K2 2A* 

fc^U3>*?s^fc#*-e-sc:t*tT**. Hf 

O, K2 2AX«i/U3>ttHfO, «82 2tx»j3 
>S«2 0t*tS^-r*Jl<i:*BS±T#4. TSB 30 

AfJ7K2 1fc. ^U3>t#HfO, K2 2i^i;H 
f^ttSCim^fclftv T8&/t<JTJK2 KDjfc 

[0 0 9 9] »2 0g|Jfi®*fc±*t, HfO, 

182 2Afc*#UTPDA*fr&-3ia<fc, y~MS2 
6 £ft*# U *s U 3 >J8 2 4 *JgfiK-r*XS<»:©Mir. 
•>'j3>#WHfO, 182 2©«H^g<tUT±S6AU 
7182 3£J6M£-f3. CCOfcifr. y-hfl2 6«fO# 
**<fc>"J 3>aWHfO, «82 2^<0«<Bfi7ltStr>fctt 40 
«f SCtfcB&ifcT**. ±a&7t>J7B82 3K, 

'J 3 >^WH f 0, 18 2 2 izR U H f £££ Z. t. 
#T€f*fc»&. ±S8/t'JTJ82 3<Z)JtR*5p*iiI<7? 
*, *tlC*tjTy-M6W82 5ftflc©H;B|«^*j I 

[0 10 0] ft2<D*)|»aicj:£&, A7-<) 

a t v— x y-*^ c v d fee 

<tt)HfO, JK2 2AS^fig-r«.&». HfO, 382 2 
AlC*3R««rHC$*y--5Clt*tT€r-5. 
t0 10 1]«T. HfO, «2 2AI:j»LTPDAS 50 



fT/«cdxs©^« (ma.»*skibkj:«h t&zss i 

[0 10 2] HlOtt, iffllfcioTHfO, ft* 6 
flftlBUT^K***, TDS (thermal desorpt ion spe 
clroscopy : #i&U18i»5t) fciZ «koTffl!)5eL&li$*£ 
*LTfr>«. H10K*JV*T. tttttt*Ma9®ft£*b 
T*S9, IKMtt. TDS»fcJ;^T|«Jg*nfc*#^ 
<r>7.*.V hJUMEtjRLTW*. 01 0lc^T«t5lC. 

ftfiaaufc*t4 o o'csagtes-rsi. *r. h f o, 

H8<0SStc®*U^7K**tJK8IL,te«>.5. 

aaa«*7oo , cs«k:itr-5t, Hfo, k*ic** 
*i**s*<ift*rr*. idas^^Hfo, la^^nx 

*0ao-€-<D&(D*!WaiSftJ:oTH f O, ft*S**tt 
KI&«Lfc###^©#&£#je>fc<»:;;;5. 5. 6X1 
0" [molecules/cm* ] £»-Z>m^tii&&&e>t\tt. £ 

it* hi oic*-r»*cj:*t, *&4aga#*t7 o o*c 

ttoT. PDAWiaat UTt4 7 o orss**sjS 
T»0. JKB.k'SKKjg'rSJIifc.fcoT. HfO, 18 
fcft*tl«ilfl&***Mft£ttTH f O, fl8€Sfe«| 

[0 10 3] JKflEH f V-XT»5H f - t - b 

u tox I defcffl^fcCVDfcfCfcOS I««±1C^ 

BfeSti&Hfo, m<z>-*)->7MzltiLTmmM&'p~efia 
m&m (#sjs«: i or/ij-) *fTttnft*«s. 

^ffi^fffiTEM (iransmission electron microscope) 
^fflV^T^ja^WH f O, J8«0^b*-t©«««Ufci 
£3. &T©£<!:attt&3ftfc. ?tjLt>*>, &m. (Hf 
O, Ha©Jt«B«) Ttt, S S I 

&<R-OHf®WJ>t£\,>&wm (S 10NB82 lBt 

< B.-OH f M^ifi&^H f o, ■a».?«rr«. 

®«&±JfT^<<i:. 6 2 0'C^S8 5 0-CSTODfiffi 
«H*fc*»^T, ^iSJStHfO, BtOfflfc, »ES«fc 
HS1 l^ik <!9HfO, gJ:HHf «^ *t 
^ttVJffiSttlttHj&tW S^fc^ft UififtS. 8 
6 0^Ti«fi7^-;i,*fT^o«:«!:C:^> HfO, St 

<asns«:*t©aja«ii (Ha^twHfo, 1822 

jmikja mm) ©Hfo 

f > U y- hfl8a«it^OitSI«^^iB5 < ft-, fc. 
[0 10 4] A. lt©PDAO«^, #it 3g 5 0 

^o/^n&t^izmzi 0 ot:saf©^iasffls<D« 

J»xyh (^«f) *tgi6T/J>$V». zcottlb, PDA 
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mzn<tL2ts%> m&tottftmm (T*/tU7 , K2i 

£*ffc) ©JPSttO. Snmgfiift*. ftoT. #0 
-5. -TfttaS. *fc£-£tfH f V-X£fflV>fcCVDi* 
SftV>, 31»<Z)H f y-^«ffl^CVDfeCil5H f 

o, at«*j*i t s*Hfo, asic^br, «f»©«^ 

ffifSfiS T E MK<k ©-€-©«S«*ff So £ £ 

^sr. Hfo, a^uftw^tt©^, # 

<D«2>n«ji,$tlfta>o£. 

[0105] 011 tt, Hf-t-butoxideS 

m^ftcvDmz^om^titts H*-atmfo, m 
o~3. 3nm©Hfo, m&m»B.^>y-bnmtv 

*©:r--;t,£9 o 0*C. 9 5 0*CXOti 0 5 O^Tfr 
ft o fct8fcg«fi!|£ 0 V i Lxy- h «£E V g £ HI JD L 
ft. 01 lfcfcHT. h«JE (Vg) 

t*50. gas^u-c^s. ♦tt9oo 
■c-c&aag *ff ft -3 * t % ©®a<Dastt u t*$ 

0. Btt9 5 0"CT?r»«ia&fTftofct*OD#fi©ig!l^ 
fil**LT*5 0. AW 1 0 5 OtTft&gfcfffto&i: 

CO 1 0 6} 01 lfciti5l:, Hf-t-bu t o 

£UC-VA-^UT*t), a««ftMOS*v 
/^^tLTlB^5*ffi«ttl 0 5 0"C^JiK^UT 
US. -Tftti-B. HS^tfHfO, Btfc^Ttt, PD 

Aic<k«*jsnti8fc#oTH f xtfs i otoKt&nwm 

L/£«-&fc*5^T 1 t>, 01 1 K^rf <fcpK\ 10 5CC 

[0 10 7] 012(4. *3S*^*ftHV-X, 
Hf-nitrato (Hf (NO,) ,) 

tzMLx, mmwmzc-vm?iL&ntL^ftm%:&it& 

*iW?3. 0~3. 3nm©HfO, J«*fflV»a.^V 

fSftfls-rs&iixo:/'-— 9 0 ot, 9 5 0tRt)ti s 
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1 5 0 < CTf?ftofc«l::3«filI£0 vtbtV- K«flE 
Vg^SUDUfc. 01 2K43HT, ««tty-hmffi 
(Vg) £j*LT*5D. «f«|tt, &a*^LTH-5. * 
fc. "tt9 0 0"CTS»«iaS-fTfto>5:<h$O§fi<3[)jH!lS 
«*flT*0. ♦tt9 5 0tTMi$fT)5;?ti$ 

SrfTft o t If <D&a«>iBlJ£ffi£5S LT</» -5. 
[0 10 8] 01 2fcjn-r«fc5C:, Hf — nit rat 

10 ajiWftMos+^yt^^iLTWA^-siasttg 

OCCSSSTT**. 01 l&tf0l 2lZW<?&Sk* 

&&-?zt. H&^trHfo, m*m^ft&&<Dmtt)ft 
stt«2SEiastti 0 5 o , caa«±T*5-^ > h*^ 

9 0 0*CS«T*«. fftfc-fc, Hfc^tfHfO, BS£ 
m>fc«£©;fr*t, S»fi9^14«IESffi»C^^T 1 5 0 

[0 10 9] 01 3tt, S IS«/S 1 Nl/HfO, 

k/ # u > u ^ >mvmmmm *tt*Mos*t/v> 

20 ^IC*^T> HS^tfHf O, JBtRtfHfc-^gifcHH f 

>yjK:»L.T. g*»HSC*T9 0 0tA^1150 
V&T<DM&<Dmmt7--;i,&3 0g>Wfrftofc» 

fw, s«fiij*o vti/T-i. ov©y-h«s 

(V t ) *HW)DLTU-^«SSJ t Ci>»l3t*ffftofc. 
H*-&tfH f O, DlttH f-t-butoxld 

30 3»'*$ut, ¥mi*mmt7~-)i>m.&*7jii,r*sQ> 

#$ftV>y-^*fflV>fc«^CO'J-57®SKJ e WffllSffl 
£*LT*0, □liHf-t-butoxideSIls 

[0 110] 01 3 fC^Tcfc^l-, Hf — t — buto 
x I d eA>6}gfig$nfc. HSr^tJHfO, fiS*fflV»fc 

yn-^assitffct^cu-^eflsj, ^3^ 

OS DHS^ttH f o, Sg*ffl^fc«^i«:^T 1 0 0 
OffifS&fcittbpLfc. S-^jft^Si. H«-^tfHfO, 

m&m^ttm&\z\t* HstsauHfo, ^^ffl^fc 

W^iJt^T^Rg^Jg^S: 1 0 0 0»Ol mt£&LTlZ 
[0 111] ^U3>S«-hfC. H£-&tJHfO 

• iR&t/H*^ixtv>H f o, ie(o-5-n^n&isii;!»a 

KJP (3nm) T««bfc«^»c, #ffig*^trSH f 
0 O.HIOEOTSrSI^Ufcic:^. H*^trH f O, K 
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Slt«L/fc«-&ttl. 1 nmT»0. H*3-£&V>H f 

H^tfHfo, m&mmisttm&wtmwit, hs 
ssfc^Hfo, &zmmLitmti<Dit®m&£r)t>*> 

1. 4 6ffiri«d^fc. cntt, HS^trHfO, fi|£ift 

CO 1 1 2] i"J3>««±fc. H£#tfP£ |C 

3. 5nm<DHfO, K^^figbfeft. feH f O, JSt 
*rLTPDAia8 (8 0 0*0. 3 0#ffl) fcfrftK -5- 
MgKalS^ffl^fcxPS (X-ray photoelectro 
n spectroscopy) j£l;J; 0 H f O, &<D&m&W6S 

1. OStfH f fciilSgLfcis, PDAffiSI«(DHfO 

Hf#0. 6 0. SltfO. 4 9. Ortt 

2. otfl-iffsnfc. xpsffiici^aotfc&fco 
iKi^T, «a«$*2~3nmsaetci8SLfc. «r 20 

ifi©«S*«fc?), PDAffllgCHfO, HJSfcfc^Ttt, 

[0 113] 014ft MOS^rA->^©|&aaKT* 
*HfO, fig CtoR-^T) K**LTPDA£frfcofcJ8 

Hfo, mf&m&&<Dtommmi:> mos 

«#tt»C«. CVD8cf::«fcOH£#tfH f O, ffltS^fit 
SfcH f O, Btfc*f LT, ffi*««J6 0 0 0 0 P a 
(4 5 0 t o r r) cofi^Ha«PT8 0 0"C, 3 0g> 
W<Z>PDA£frfcK y-httffit&S^'J^ 30 

•f ^>aA€rfT/«Co«:«. llOOOOPa (7 

6 0 t o r r) 0Sg#£H^«pT! 9 0 0t, 3 0g>fBJtf> 
Stt^kTr:-;n&fT/«c^. S«ffl9*0ViUT 
-1. 0V©y-h«EE (V c ) *^ipUT'J-^«8tt 
J« «>a!£S:fT&o&. ft. HfO, BW6ffilE«<04&g 
■UPtt. XU7V*MJ-tt (ii3tffi) SflfHTWJgfc 
nfcfcWTfc*. HfO, Jlfc^t 

T P D A £ff 5 Ig$#|g U^M O S * * /X ©if- 

>^n:onr%, Hfo, isbmm&totommmt, 40 

MO S *-vyx->^^fig»oU ©H«^Bj^ 

[0 114] 014C^tJ:3C, PDASfrS^&g 
^»^f*t, PDA£fr&;fo&tri«£iJfc/NtTU-*«aE 

Hfo, jk«pics i «ttftr=-jnc 

•fcoTHfO, K**a£&fb-rS£<t£6frltT?**fc«>. 
^»OMOS#t/t^l:«^THfO, B!cd;*:S&# 

fcft*. SIttHfO, SO 
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d a &fTft ^> ttsy- h >j 

tt, HfO, t&C>toW!&&i!>i'bt<<tj.&\Z£mW\zm.tl 
*fl<TPDA (#* h • f*y->a > • 7^-JP) £ff 

[oils] m, S2^nis^sg^*juT. y-h«a 

2 6<hLT#UxUn>iBt2 4£fflUfc*t, mtctt* 

O.BI2 2©^jS*SYfcUfe«. y-hm«2 6£ft5 
T 1 NBIRJJCA lJK*^/t-/^U>yfef-«tr)J®^lt« 
LTfcJiU. ^U3>^WHfO, 1&2 2©* 

ffi£S<fcl,fc«. y-h««2 6£:fc*Tafi!£J£«U 
Tt>i^. ^Un>##HfO, H2 20DSS 

£S{fc-r*££fc<. T i NJKXBTaNiia^*l««L 
Tfc«fclr>. ^ T INBUKTaNfil^KS IX 

2 6£LTfc«fi|*«H<5*g£. ^JBKo^fig^lc. S 
SfcfcMas (PMA :Post Metal izat ion Anneal) 

ififc*rLTC-VSl5£*rftt3,i:. «e»M+ O^SSfit 

*ts-r^tx^u yxwawisjgsns. a-*;, pm 
A©«m47 o o"cut±*t^rja-e ft5 . H$ ^. 

Wr*^fX«PT4 5 Ot:. 3 0ftm®&Z>7--)U>S:ff 

[0 116] m2C0HJ|JgagCi$UT. y-hjfi 

«JS2 S^tSBRtfWtLTH f O, 

CftCftAT. ZrO, , TiO, , Ta.O,. 
La.O,. CeO, , Al.O,, XttBST (A'J-?A 

Vi. Hf.AI.O, ({aUx>0S."Py>0) 

^0 3 7B*^b«>*ffl^T"bJ:^. ^^tt. tUHciiS^. 

fc<fc ^^s«ffb«j^ s i m?&$£nft4im ^ u y- 

«. K^«*lgO*a^-rjWjSft^Xtt«fijcW5|8ffcMfc 

[0 117] ££, «2<OHJa>eait*iUT, JSI*:H f 
V-X^'J *-tT»«H f-t-butoxidei 
ffllr»fcCVDteCJ:0H f O, K2 2 A&lt«Lfc*<. 

-VAtzstsmnti f y-xru*- 9-. ma«t h 

7+X^I^7S M7 = ?> A (TDEAH :Tetrak 
is diethylamide hafnium , C..H..N, Hf ) . t-H 
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5*X^/^;|/7SyA7-"?A (TDMAH : Tetrak 
is dimethylanino hafnium. Ci.Hi.HfO,) , X\t 
f 1 ;* h*->2 ^)V2^U^^j\y-^i, 

(Hf (MMP) . : Tetrakls l-Methoxy-2-methl-2-p 
ropoxy hafnium* Hf [OC (CHi) ,CH,OCH,] 

Hfy-^'J*-1f. mXiiH f-n I t r a t o 
(Hf (NO,) ,) ***£try-X#X. MZ.t£ 
*S^Xi«:ffl^fcCVDttl: ( kOHfO l BtSJBfi&l, 
T'b.kK, X/W*te^«5PVD (physical v 

apor deposition ) *5ft£^tT# 

»K«>|tfll (HfO, Jg) f K*3fc£8HI«fc:JBt 

[0 118] £&, B2©HJfi^S8^*JV>T. HfO, 
K2 2AXIJS i,N,I82 1 AfcflffcOfcS (£?U&ffc 

«Att/\ay>*#XMHTt«. 7y«X»3^ 
***0&*tfT*J;l*. M. SlUMtJIftJt&lT 
tt, 6 0 0~8 5 0rgKCigTHfO, K2 2AX 
ttS 1.N.K2 lAfr&tfXtbTKBUflOiltllCJ: 
DJg^Stl^?L*^LTH fXttS i 
i*5t><OT&tltfJ;<A. HfO, R2 2ASVS 

i . n,K2 i Ao*n-enk:^*nas&?L»ritffl4t>»*t 

[0 1 19) m2(OHSfi}ga8ic*l>T. ^'J3> 

Xvgtt££fT&3;i£K«fcOS I.N.M2 lAd$D 
Tff/tU7tt2 l***l/T<bJ:^. 3£V>«» Sl,N, 
£2 1 A£#dtr HfO, K2 2AO»^ 
MCfUaMEflU 0O«ffi* N, 0#X£flj^Tg<t; 
"T-S^tlCfcO S i ONK2 1 BfcB&J&fiSUTfcJ; 

*V>tt, HfO, JK2 2 A<&&#^fiK<BH38I{;;£sj? 
*^tf^fX*»A-r*Ct»C«k^T, T»AU7«2 1 
i«:*S*^W©»»«ft«5»Bt* ~> U a >S« 2 0 ± 

[0 12 0J «2©HiS^ffiiC45^T» ->U3> 

^HfO, lg|2 2£*fLT> 58$ *T|»3 

2 3*§«JL.TUK *V>tt, y-h*S2 6t&S 

£fc«fcoT. xVn^tHfO, SI 2 2CD3lB5£g{fc 
L-T±85mj 7118 2 3 *»B6LTt> J;t». Hf 

o, si2 2A<Dm%mtfL<ofk&nm-T!&n*-$;tsi3*z 

mA-tZZtiZZoT. HfO, ffi2 2A^Sffil:, 
-t»A'J7tt2 3ta:*a*^o»»*fl:ite«K* } g 
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[0 12 1] ^2©*JSJgffiic*^T. HfO, 

I&2 2Afc**LTPDA*fTftoT->U 3>tfH f O 
, BI2 2£®/£Lfc«, ->U3>#WHfO, m2 2(T> 
^!S*atffcUT±ffl5yXU7'l»2 3*PfiRUfc3it. cntc 
tt*.T, HfO, Bt2 2 A0>£ffi*gftbT±a6V\-'J7 
ffi2 3£^j£l,fc£. HfO, 612 2 AlCfcfLTP D A 
*fffcoT5'U3>{MfH f O, K2 2*^fiKLTfci: 

10 [0 12 2] gfc. JS26>ftJKjMftC:&friT. TSfcVt'J 
7BS2 1, ->U3>^WHfO, m22Rtf±U/V)7 
M2 3<0«fi^jft£#at2fc££WLT^T*>J;<,>. 
[0 12 3] ^2C0HSg^a8t^^T. 07 

(b) fC^-TlStCiJ^T. JMsLftHf-t- 
b u t o x 1 d e$$©V-X£3 1 v>A*— rtfcigg ^ 

>A~rt©iafiE*^ji*>6#ffllxT3 0 0~5 0 0*CS 

K-r4<t, <£i&TT5''j3>««2 0±KH f *h^t 
20 tf^<&S3-£*d<ta«T£-Sfci&. HfO, BS2 2A 

•>3>«rW*ffi<T€TS. HfO, R22A<b 

^>U3>S«2 0tOMK»fi!c*n5|fiSJi (Si ON 
JR2 1B) *»<-T-5C:i^T#-S. 
[0 12 4] Sfc, ^©S&SSSMSKfctAT. 0 7 

(c) tzm-s-jLm-cm^ztizpDAiz&n&mmmm. 

Stt6 0 01Ce(±ja^)8 5 0X;iliT-Z&ZZ\£i)W3U, 
Vi. CO±5i:tSi:, HfO, 182 2 Aj^<&*ig£«8 

30 *tcjitt«s-e-5c:t*tT^. ^-ntckoTH f o, 12 

2 A^K U 3 >£«*fc&«Si*.6 d £*<T£*. 
[0 12 5] ®2©Sli6^Sifc*5^T. ->U3> 

^"WH f O, 8£2 2©&)«£H f , S i.O (*aUx>0 

a.t> y >o) isas-rat^icKjST'n-fcxTcogsja 

«£T ["C] t^iEbfc T£6. 6 9 • y/ 

(x + y) +7 4 9. 4T»*:ti«»SUU, d05«fc 

^fc-rst, xua^tHfo, «!2 2£*rr*y- 

40 T^6. 69-y/ (x+y) +7 4 9. 41 

Oy/ (x + y) ^0. 3 0T»5:<!:*WS UK i 
<0J:5fc:-r*t, '>U3>tWHfO, C?2 2*Wr«> 

[0 12 6] 

>o n*. zofitb. h\gh-ky-bfimmizij->7nm&<k 
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CH2] Hfo, \zma?zs i at. Hfo, ©ma 

[04] Hfo, jKcasan-tss i s<t, Hfo, m<o 
it mw t <om«*^t 0-e* * . 

[0 5] HfO, JRlzflMof £S l HfO, JK© 

[06j Hfo, JKt-8sitrr*s ia<h. Hfo, ma 

[0 7] (a) ~ (c) tt#»W©S&2©£JS^»fcffi 
[0 8] (a) - (c) «*$8W©tg2<D£ffljJ&figfc(iR 

[0 9] (a) ~ (d) tt*«9i©&2©ffcKSJBfgfc« 

•5^5»«:Sa©Sii^rffifc*5^.5 P D AO^ffl^UiWr 
•5fcii><*>0T*£. 

[010] ^MafCfcoTH f O, «*»6B»|LT^< 
TDSfefc.koTfflj£Lfcte*£^-rEi-e& 

*• 

[0ii] *»^<dm 2 e>nmmm\zi»z*mft&m<D 
mm^mizimzH f-t-butoxide &m^it 30 
cvDmz&Ktfe&ztitz* H^^rtjHfo, jkk**l 
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(01 2] tfc«mtUT*#*^*fc^7-X£ffl(,>£ 
CVDj*fc<tD^Stl/t. H*^*^t^HfO, JKfc 

[013] S i£«/S i NR/Hf O, BI/#<J^L) 

H£-&trHfo, jk {^momzanmmm) &ixh 

©*ftW5^Stt*H:feL/S:i|S**^T0T*5. 
[014] MOS*t/t^©«ftKT»5HfO, JK 

c*fLT, *&we>f&2<nnmi&m\ztoz¥m{* : &mv> 

«®;*te<&PDA£fTftofc«£K*5Vt*>. HfO, 
&JKit|g©&3£JP<>:, MOS + W^^fifcfgCDU- 
? t © MIS 0T» -5 . 
[#^©8491] 

10 ->'Jn>S« 

1 1 y- h&«Hg 

1 1 a ss&h^bi 

lib T8B/1U7JK 
11c ±WV)7m 

1 2 y- K«ffi 

1 3 Tmmmmm 

20 -> u 3 >a« 

2 1A SI, N.IK 

2 1 B Si ONJK 

2 1 TSPAUTja 

2 2 A H f O, JK 

2 2 fij3>tfHfO, JK 

2 3 ±»JVJ7m 

2 4 Jj?U->Ua>JK 

2 5 .y-MMWt 

26 y-h«« 

2 7 ^*g4&i£«» 
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[02] 




"*»«.6Wi+749.4 



mmitam 

(«JHb*< 
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0 20 40 60 80 100 
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[03] 



[H4] 



A 


n 


760 


20.1 


800 


67.6 


850 


2:110 


900 


223.0 


950 


230.0 


1000 


297. 5 


10SO 


245.0 


1100 


262.4 



k-ruammma. 
(si»«/(si«wifiMD) xioott]a>snuKn 




Xi=(Sia«/(8IM*HfJU») x 10000 
80 60 40 20 




20 40 60 



[05] 

xi=(siaw/(siaawtf«a)) x mono 

60 80 40 20 
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